Introduction
Clonal propagation has the benefit of producing plantlets with the same genetical characters.
In gerbera division propagation is quite inefficient as only 5 plantlets on the average are produced per year from a single 1-year-old plant.
Even with the improved rhizome cutting method (11, 14) , only 30-50 plantlets are produced per year from a singl 1-year-old plant.
In recent years, tissue culture as an alternative has been used in asexual propagation. Pierik et al. (8, 9, 10) showed that excised gerbera capitulum-explants could be forced to form shoots in vitro. Unfortunately, the excised capitulum-explants of yellow flowered cultivars were unable to form shoot.) Murashige et al. (4) showed that shoot tip culture could also propagate gerbera plantlets in vitro. In the shoot tip culture system, however, shoot tips were lost by microbial infection at the ' Received for publication February 1 , 1983 rate as high as 80%. Roest and Bokelmann (12) succeeded in promoting in vitro shoot formation from excised pedicels of chrysanthemum. In this paper, the experimental result with excised scape-explants of gerbera used to form shoots for propagation is presented.
Materials and Methods
Three clonal cultivars, `Arendsoog', `Beatrix' and `Continent' from Holland and a seedling cultivar, `Super Giant Yellow', from Japan were used in this experiment.
`Arendsoog' was used throughout if not otherwise mentioned.
Plants were grown on raised bed under PE tent in the garden of Horticulture Department of National Chung Hsing University.
The flower (inflorescence) stem of gerbera, also referred to as scape, was used in tissue culture.
When the 2nd or 3rd whorl of the disc florets started to unfold (commercial cut flower stage), the upper 4 cm solid part of the scape just below the head was removed from the plant and the flower head was cut off. The scape segments were sterilized for 2 or 3 seconds in 70% ethanol, followed by soaking in 2% NaOCI for 30 minutes, and then rinsed 3 times with sterilized distilled water.
After all these procedures, both ends of the scape segment 0.5cm in length were cut off. The remaining 3 cm section was divided longitudinally into two equal strips. were subsequently placed with the wounded side down on the 10 ml solide medium in 50 ml Erlenmeyer flask. The flasks were plugged with two layers of aluminum foil.
The basic medium was composed of MS (5) macroelements at 1/2 strength, Heller's Nat FeEDTA 21.4 mg/1, MS organic constituents, 1% sucrose, BA 10 mg/1 and Bacto-agar 0. 8 . The pH of all nutrient media was adjusted to 5.6 prior to autoclaving.
Scape-explants were first placed in darkness in 27±3°C for 2 weeks and subsequently placed under 16-hour daily illumination at 8001x (Taiwan Toshiba FL 40 SBR) at 27±3°C.
After 16 weeks, the number of shoots per scape-explant was counted.
Results

General observation.
Scape-explants were cultured on the basic medium.
After 8 weeks, many shoots with leaves ( Fig. l) and buds without leaf (Fig. 2) could be found at the edge of the unbrowning part (Fig.3) .
At the end of the 16th week, 5 or more shoots were found per scapeexplant (2 strips) (Fig. 4) . Shoots could be subcultured on the medium for gerbera shoot tip culture(4) but buds could not be subcultured easily.
2. Factors influencing the regeneration of scape-explants Scape age The stapes of various ages of `Super Giant Yellow' were collected in January, 1979. In this test, scape-explants were placed in darkness for 4 weeks and subsequently placed under 16-hour illumination at 8001x. Shoot Shoot developed on the scape-ex plant. Darkness and illumination Two-week and 4-week dark periods could induce the scape-explants to form shoot. The former induced the explants to form shoots after 9-week incubation, and the latter after 8-week incubation.
And at the end of 16-week incubation, the former induced 4.5 shoots per scape-explant and the latter induced 1 shoot per scape-explant (Table 1) , The scape-explants could not f ormany shoot when they were placed under light at 3000 lx, instead of 800 lx, for 16 hours after various dark periods.
Explant length The scapes of `Super Giant Yellow' were tested in September, 1980. The upper 4 cm segments of the scapes were sterilized. After both ends 0.5 cm in length were removed, they were further cut into segments 1 cm, 2 cm or 3 cm or 3 cm in length. Table 2 shows the number of shoots formed as influenced by the explant-length.
The longer the explant, the greater the number of shoots formed.
Sucrose The effect of sucrose concentration in the basic medium was examined.
As shown evidently in Table 3 , presence of 1/ sucrose in the culture medium was optimum for shoot formation.
When sucrose concentration was increased in the medium, callus formation was Table 4 , representing the results obtained after 8 weeks. Shoot-formation was induced on the media containing IAA at 0.1-0.5 mg/l. Explants produced an increasing quantity of callus with increasing IAA concentration. Root formation was induced on the medium containing 5 mg/1 IAA.
Cytokinins The effects of two cytokinins in different concentrations on the differentiation of scapeexplants are shown in Table 5 . Shoot formation was found in explants cultured on the medium with 10mg/1 BA. Cultivars Scapes of 4 cultivars were cultured on the basic medium with IAA 0.1 mg/1 and BA 10 mg/l.
After 12 week incubation, scapes of `Arendsoog' and `Super Giant Yellow' formed shoots.
The ratio for `Super Giant Yellow' was slightly higher than the ratio for `Arendsoog'.
The scape-explants of `Beatrix' formed more callus.
There was no shoot and little callus-formation on the scape-explants of `Continent' (Table 6 ). 
Discussion
In recent years, many papers have shown that gerbera can be propagated vegetatively by in vitro culture of shoot tip (1, 4), capitulum (8, 9, 10) , inflorescence (7), leaf (2) and pith of rhizome (13) . Each method, however has its advantages and disadvantages, and not any of them is the ideal method for commercial production of gerbera plantlets.
The present results showed that shoot formation could be induced in the upper 4 cm part of the scape at commercial cut flower stage.
Plant organogenesis is affected by auxin/ cytokinin ratio ; high auxin level induces root formation, and high cytokinin level induces shoot formation.
Novak and Makova (6) considered that the combination of auxin and cytokinin in some ranges could regulate the organogenesis in tomato shoot tip culture. Kamat and Rao(3) investigated the combined effects of auxin and cytokinin on shoot, bud and root formation.
Shoot formation of scape-explants of gerbera was induced by a combination of a high cytokinin level (BA 10 mg/1) and a low auxin level (IAA 0.1 mg/1), which agrees with the results of capitulum (8, 9, 10) and shoot tip (4) cultures. On the other hand, increasing IAA level (5 mg/1) induced root formation of scape-explants (Table  4 ). This result proved that the organogenesis of gerbera in vitro was also affected by the ratio of auxin and cytokinin.
Capitulm-explants of yellow flowered cultivars failed to produce shoots (8, 9) . In the present experiment, scape-explants of yellow flowered gerbera produced shoots, but the other cultivars failed.
As Roest and Bokelmann (12) showed that the conditions for shoot formation of various chrysanthemum cultivars differed markedly, further detailed investigations are necessary for gerbera to find favorable conditions for shoot formation in scapeexplants of the cultivars that failed. At present, scape culture system as well as capitulum culture system is important for the initial phase of commercial production of gerbera plantlets.
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